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By 

J. J. Dailoda anti John Murroqnln 
Rockwell International 


ABSTRACT 

An experimental investigation Wan performed in the lxuigley Research 
v’iMUer Unitary Plan Wind Tunnel (Tent OATO) to obtain the detailed effects 
that HOP Jet flow interactions with local orbiter flow field have on 
supersonic stability and control characteristics of the space shuttle 
orbiter. Six-component force data Were obtained through an angle-of-attack 
range from 15 to 35 degrees at angles of sideslip of 0, +5, and -5 degrees. 
Tiie test was conducted with yaw jet simulation at free-stream Mach numbers 
of 2.5 and 1<.6, simulating SSV re-entry flight conditions at these Mach 
numbers. In addition to the basic force measurements, fuselage base 
pressures and pressures on the non-metric RCS pods were obtained. Mode] 

0 was used for this tost. 
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A) CN, CLM, CA, CY, CYN, CEL vfi. ALPHA 


introduction 


An experimental J nvont.i Ration wnn performed to determine I rite motion 
offsets of the Rond, ion Control Uystom (Will) exhaust flow <*n the arrodyunml- 
ehurael.orisUun of the Gpuce Ghuttle Vehicle (GUV) orhltor. The test 
art id e wan an 0.010 scale ixi presentation of the GOV arbiter configuration J . 
(model *40-0). The tests were performed In tin* tungloy Research Center 
Unitary Plan Wind Tunnel to simulate two re-entry trajectory points. Nomi- 
nal test conditions are given below. 


Mach 
2.5 
l *. 6 


PSF 


Re/ ft 


37*4 

202 


1.72 x 10 6 
1.72 x 10 6 


Gt agnation 
Temperature, °F 

150 

175 


Complete simulation of the RCG Jet/ free-stream Interaction would re- 


quire duplication of the trajectory free-stream conditions as well as mass 
flow ratio, momentum pressure, thrust and plume shape of the RCG Jets. How- 
ever, utilising the Secondary Injection Momentum Principle for the injection 
of n Jet perpendicular to the free-stream flow, only two dominant parameters 
significantly affect the interaction forces; Jet momentum and Jet pressure. 
Mass flow ratio and Jet plume Shape are considered to be leSB important 
parameters . Thus, design of the model nozzles was Jased entirely on match- 
ing Jet to free-stream pressure ratio and momentum ratio. 

RC8 flow Wafl simulated by blowing Jets of cold air from non-metric 
nozzles attached to the model support sting in proximity to the fuselage 
base. Momentum ratio utid pressure ratio simulation was obtained by regu- 
lating. nozzle plenum measure (as specified by the nozzle bench calibration.) 




Nozzle thrust wun measured using n single component strain gauge balance. 
The nozzle was calibrated at near vacuum conditions (because of it o high 
expansion ratio) and corrected to total vacuum conditions. Maun Mow raton 
were measured uni hr a calibrated orifice meter. A plot of both meatmred 
and thcorct leal thrust uh a function of model plenum prenHure la pri’tiented 
in Figure 2.f. The nozzle, wlilcb simulated an RCS yaw control firing 
configuration, was tested In conjunction with various eleven and body flap 
control settings. 

Six-component force data were measured on the complete model using 
the LaRO 1.125** Inch diameter balance number 834, mounted on LaRC sting No. 
77. Wind-off balance data (at tunnel operating pressure) were recorded 
with RCS jets on for each elevon/body flap configuration tested to deter- 
mine if direct impingement effects existed. 

With the tunnel flowing, data Were recorded thtu an angle of attack 
range from 15° to 35°, in 5° increments, with RCS flow either off or on for 
each run. An RCS-on run was made immediately after each RCS-off run, for 
a given configuration, to obtain an RCS increment Independent of any bal- 
ance shifts due to temperature. 

The model had six pressure taps, located in the following positions: 
One tap in the RCS plenum Chamber wall, three taps on the nozzle surfaces, 
one tap on the U02zle base, and orte on the fuselage base. Pressure tap 
locations ate shown in Figure 2,d. 

Model surface flow pattern resulting from combined tunnel and RCS 
flows wire otbained using black light oil flow techniques. Schlieren 
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photographs wdrP takon durinp, all runn with •!>,. « ~?.0 and » -40 at. anploa 


of attack of 1% ? r )% and V> dnnfocn, 


Two oil-flow runn (flpuroa d.d. and o.) and bl valid lorco rima worn 


made during the tent period of duly 22 thru 21% 19/1. A nummary of conHp- 


uralionu toatud and tost conditions lor oacli run In plvon In lah!*» !J. 
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NOMKNCrWWHF. 

0'rv’rn] 



HADDAD 

dYMflU 

DEFINITION 

u 


npr><"t of noumis ra/noo, rt./ 1 1 « >»■ 

V v 

CP 

|)poi:.’.ui’«’ I’OolTLiMcnl,! (pj - I'idV'I 

M 

MACH 

M'tch number! v/'i 

p 


promiupi'i N/m' , pnf 

-i 

Q(NfiM) 

y(PCF) 

tlyrinmi'* protnnirt ; l/PpV'*, N/m' , pnf 

V 


velocity j m/occ, I't/nce 

a 

ALPHA 

unit, la ol" nttnck, dogrwn 

fi 

BBTA 

.•ingle of nidonlip, degrees 


PHI 

finglc of yaw, degreeu 

0 

PHI 

miglt* of roll, degfeeo 

P 


mnon density; kg/m^, alugu/ft * 



Reference 8s C.G. Definitions 

At, 


bn no area; ft' 1 

b 

BREF 

wing opnn or reference npan; m» ft 

p.e. 


center of gravity 

4ef 

0 

LREF 

reference length or wing moan 
aerodynamic chord} m> ft 

n 

SREF 

wing area or reference area; m L \ ft' 


MRP 

moment reference point 


XMRP 

moment reference point on X oxio 


YMRP 

moment reference point on Y axio 


.'MRP 

moment reference point ot «* ixiu 


b 


t 

CD 


boat* 

local 

ntntie condition:) 
totnl condition*) 
free ntrenm 
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NOMENCLATURE (CONTINUED) 
ADD IT 10NAI . NOM KNC I .ATI! RE 


SYMBOL 

DATAMAN 

SYMBOL 

DEFINITION 

A bm 

*11 


OMS pod base area, in^ 

orbiter reference body length, in. 

**1 

PO-JET 

nozzle plenum cl lumber pressure, pula 

f static 


static or ambient pressure, psla 

IV /ft 

RN/L 

unit Reynolds number, per feet 

Xcp/vg 

XCP/L 

longitudinal center of pressure location, 
fraction of body length 

AAF 


incremental axial force due to model RCS flow 
direct impingement on metric model components, 
lbs. 

ANF 


incremental normal force due to model RCS flow 
direct impingement on metric model compo- 
nents, lbs. 

A PM 


incremental pitching moment due to model RCS 
flow direct impingement on metric model com- 
ponents, in- lb. 

ARM 


incremental rolling moment due to model RCS 
flow direct impingement on metric model compo- 
nents, in- lb. 

ASF 


incremental side force due to model RCS flow 
direct impingement on metric model components, 
lbs. 

AYM 


incremental yawing moment due to model RCS 
flow dire :t impingement on metric model compo- 
nents, m- lb. 

*a 

A1LRON 

aileron, total aileron deflection angle, 
degrees* (left aileron - right aileron )/2. 
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NOMKNC I- ATU Ki - { CONI' I NU ED ) 


SYMBOL 

DATAMAN 

SYMBOL 

DEFINITION 

A BF 

BDFLAP • 

body flap deflection angle, degrees 

\> 

ELEVTR 

elevator def ieel ion angle, degrees 

A R 

RUDDER 

rudder deflection angle, degrees 

‘‘'RF 

RUDFl.R 

rudder flare angle, degrees 

*bf 

BDFLAP 

flap, surface deflection angle, positive 
deflection, trailing edge down; degrees 

Cpi(. 

C P1Y 

c pl8 

CPB 
CPI 7 
CPBM 

model base pressure coefficient 

right half nozzle surface pressure coefficient 

right half nozzle base pressure coefficient 

C P19 

CP19 

left half nozzle horizontal surface pressure 
coefficient 

C p20 

CP20 

left half nozzle lower surface pressure 
coefficient 

c 

v pso 

CPSC 

sting cavity pressure coefficient 

l\u 

PINF 

froeStroam static* pressure, psla 


CONFIGURAT I ON I NVKSTtGAT J ON 


The test article (provided by Rockwell) was a 0,01.1 scale model (42-0) 
of the VL70-Q00139B definition of the SSV orbiter Configuration '3. A three- 
view drawing of the model showing the principal dimensions, photographs of 
the model installation in the tunnel, and the RCS hardware are shown In 
Figures 2 and 3. 

The model was constructed of Arrnco 17-4 stainless steel .nd was com- 
prised of the following parts: fuselage, canopy, wing and ruff, vertical 

tail and orbital maneuvering system (OMS) pods. Elevon defections of 0", 
-20° and -40°, body flap deflections of O'* artd -14.25°, anu a rudder with 
a 40° speed brake deflection were tested. 

The RCS plenum was attached to the sting at the base of the model 
(termed non-«etric installation)} air loads acting on it and forces pro- 
duced by the RCS jet were not measured by the balance. One nozzle (Nig) * 
simulating the RCS firing for yaw control was mounted on the left side of 
the plenum; a nozzle with a plug inserted was mounted on the right side 

of the plenum chamber. The yaw nozzle defined in Figure 2.u., was built 

and calibrated by General Dynamics Convair of San Diego, The nozzle blocks 
were mounted in proximity to the OMS pods as shown in Figure 2. a. 

The following nomenclature was used to designate the model components: 
COMPONENT DEFINITION 

B]q Near vehicle configuration 3 (139B) fuselage of the Rockwell 

International SSV orbitet configuration (VL70-000139B) 

Cy Basic vehicle configuration 3 (139) canopy (VL70-000139) 
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COMPONENT 

,; 23 

*5 


«6 


«19 


°139B 

K, 


DEFINITION 

Eleven on vehicle coni' Igunit Ion I (I39B) wing (VI. 70*000] 39B) 

Basic vpnlcle configuration 3 (1.39) bo<ly fl/*p (VL70-0001 39B) 

Modified OM8-KCS pod for the Rockwell International S(!V 
configuration 3 (VL70-000139B) 

Twin LH yaw nozzle sized to simulate the center two proto- 
type 3 configurations (VL70-000140A) RCS yaw engines when 
tunnel Mach No. equals M for. prototype trajectory. 


Complete, orbiter configuration consisting of 

BCFMVRW E 
19 7 5 6 7 5 107 23 

Basic vehicle configuration 3 (139) rodder for vertical tail 
(VL70-000139) 


V7 Basic, vehicle configuration 3 vertical tail (VL70-000139) 

W^Q7 Vehicle configuration 3 (139B) wing(VL70-G00139B) 

A general arrangement configuration drawing is shown in Figures 2. a 


RCS NOZZLE CALIBRATION 

Calibration of the RCS nozzle was performed in the vacuum chamber at 
Convair Aerospace Division, San Diego from July 2 to July 9, 1973, to 

establish nozzle thrust and mass flow characteristics as a function of 
nozzle plenum pressure* 

The nozzle assemblies Were mounted on a 12 pound capacity single 
component strain gauge force balance In the 5-foot vacuum chamber to ob- 
tain direct measurement of thrust. The measured nozzle thrust data were 
corrected to total vacuum conditions. 

Dial gauge pressure readings and regulator settings for selected flow 
rates wore recorded and used as an operating guide during the tunnel test. 


/ 


l : 1 


Approx i mute How eaten wore not by selecting Increments of HCi *. plenum 
pressure from u curve of p j vermin estimated weight flow. The uet.uul flow 
rate wan calculated using the measured pronnuro drop urronn an orifice 
plate built to Ai’MI 1 ! sped f lontions for which the flow coefficient had boon 
determined by prior calibration. 

Calibration results for the RCS yaw nozzle ( N-, g ) are nhowr in Figure 

2. f . 


TROT FACILITY DESCRIPTION 

The Langley Unitary Plan Wind TunneL in under the direct Ion of the 
IHgh-Hpeed Aircraft Piviuion at NAHA l,uRC. The tunnel in ur.ed for force, 
moment, pressure-distribution, and heat-transfer studies. The tent medium 
is air. Model mounting consists of various sting arrangements with axial 
and lateral movement, and side-wall support. The tunnel is of the contin- 
uous-flow, asymmetric sliding-block type. There are two test Sections, 

Nos. 1 and 2, each i» feet square and 7 feet long. Test section No. 2 used 
for these tests has a Mach number range of 2.29 to h .63. The dynamic pres- 
sure (PSF) and unit Reynolds number (per foot) range for the lower Mach 
number are 120 to 1260 and 0.76 x 10 6 to 5. 5 x 10 r \ respectively. For the 
maximum Mach number these ranges are 95 to 905 and 0.83 to 10 G to 7.78 x 10 ( ’ , 
respectively. Normal operating V iperature for the tunnel, is 150°F, except 
at Mach numbers above 3.75 where it is 175°F. 


( 
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DATA HMDlimON 


F'otvo ami momontr nuuuiuro.l by Mm • irli t i.cm* internal strain mm/m 
lull unco wore tmnnferrod t<> body and stability nxm mid reduced to dimmm 
nionlonu eoeffic i entr* u:*. I standard data reduetion methods. (\>rreet i mis 
applied to the data include model static weight tare, balance and sting 
deflection and tunnel flow inclination. No adjustments wore rondo to axial 
or drop, coefficients for model bane draft. 

The following reference dimensions and constants were used for data 


reduction: 



SYMBOL 

DEFINITION 

VALUE 

b 

Span, Wing 

l»i.050 in. 

x cc» 

Reference C.G. 

12.58 in. 

Z CG 

Reference C.G. 

FRL (Z = 6.00) 

CL BAIj X 

Center, balance force, measured from 

17*279 in 


X 0 = 0, See Figure 2. a. 


CL BAL Z 

Centerline, balance 

W.L. 5.85 in. 

c 

MAC, Wing 

7.122 in. 

% 

Reference body length 

19.35 in. 

S 

Area, wing (ref.) 

0.605 ft. 7 
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REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE 
MACH NUMBER (pdf unit ft) (pounds/sq. i t ) , (degfeos Fahrenheit) 



BALANCE UTILIZED: LaftC 1.125 inch dla no. 834 


CAPACITY: 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


NF 

SF 

AF 

PM 

RM 

YM 


3O0 

lb 


200 

lb. 


60 

"lb” 


o 

o 

o 

in.- 

-lb. 

JLfifl- 


.1h f 

400 

ltu 

-lb. 
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TABLE III. MODEL DIMENSIONAL DATA 


MODEL COMPONENT? BODY - ni9 


GENERAL DESCRIPTION: ftwol&flo , Configuration 3, por tiockwoll Linen 


VL?0-000139'L 


NOTE: Identical to Bj/p oxoopt fotfotaody* 



Model Scale •» 0.015 



DRAWING NUMBER: VL70-0001393 



DIMENSIONS: ! 

FULL-SCALE 

MODEL SCALE 

Length - in. ' 

1290.3 

— I9.33A 50 

Max. Width - in. 

< 

267.6 

L.Q1400 

Max. Depth - in. 

— MM-,? 

3.66750 

Fineness Ratio 

LM75 


Area - fT^ 



Max. Cross«Seetiona1 

386.67 

0.08700 

Planfom 

Wetted 

Base 
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DSM 387-2 Exp. Data 8 / 2/73 
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TABU; III, MODEL DIMENSIONAL DATA (C.miI Innod) 


MOD EL COMPONENT: 'tenop y - C7 


GENERAL DESCRIPTION: ConO/ miration 3 p*r Hockwoll Mno« VL 70 000139 





tariff, nt. model dimensional data (continue) 


MODEL COMPONENT : F.IEVON - m 

GENERAL DESCRIPTION: Configuration 3 >or W1Q7 Rockwell Unon 

VL70-Q001393, data for (1) of (a) aldon 


Modol Scale D 0,015 


DRAWING NUMBER: 


VL70-000139B 


DIMENSIONS: FULL-SCALE 

Area - FT 2 205,52 

Span (equivalent) - IN. 353,34 

Inb'd equivalent chord 114.7ft 

Outb'd equivalent chord 55,00 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv, chord ' *206 

At Outb'd equiv. chord .400 

Sweep Back Angles, degrees 

Leading Edge , 0..Q0 _ 

Tailing Edge -10.24 

Hingel i ne 0.00 

Area Moment (Normal to hinge line)- l$4ft.Q7 

Product Of Area Moment 


MODEL SCALE 


0,04624 

5,30010 

1,72170 

0.82500 


.208 

.400 


0.00 


-10.24 


0,00 


0.34832 
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TABLE HI. MODEL DIMENSIONAL DATA (Con: I nw«>d ; 


MODEL COMPONENTS fto( *y _____ 

CENERAL DESCRIPTION: 3 Configuration por ! :urtV , ->-!U Lln u. VL70-OOOL39 



Scale Model ^ 0.015 



DRAWING NUMBER 

DIMENSION : 

length - in 
Mem Width - in 
Mom Depth 
Fineness Ratio 
Areo - Ft 2 


Mox Cross-Sectional 

Flanform 

Wetted 

Base 


VL70-000139 

FUU SCALE 

84.70 

267.6 


142.5 


38.0958 


MODEL SCAL E 

1.27050 

4.01400 


0.03206 


■ 0.00857 



TABLE XXX. MODEL DIMENSIONAL DATA (continued) 

MODEL COMPONENT i nozzle - N1 9 

GENERAL DESCRIPTION ' B 00 * 0 aonflgurntion -',A ( vr/ro 000139B OMC No?,!'. ion 
with Cold Jot Simulation of Ynw Control (Lntornl Tlirunt) at, MfK’h 10. 3 

Entry Condition 

MODEL SCALE =» 0.015 

DRAWING NUMBER ' i 


DIMENSIONS 


FULL SCALE MODEL SCALE 


Frees tream Mach No. 10.3 
No. of nozzles (Left Side Only 
Expansion Ratio 
Diameter ~ in. 

Exit 

Throat 

Area ~ IN 2 . 

Exit 

Throat 


2 2 

=_ 10.81 


Direct Scaling 
No Applicab le O.lMO 

0.0U37 


♦ 01629 
♦00151 



Thrust Centerline 
X 
Y 


1333_._0 22.995 


Itt2.5 T.087 


Z 


TABU; HI, MODE!, DIMENSIONAL DATA (Continued) 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT i - QMS POD Ma 

GENERAL DESCRIPTION '• BASIC CONFIGURATION 3A QMS PODS WITH DETACHED 

mm. 

Mh HOUSIND TO MAKE THE RCS NON METRIC, 


DRAWING NUMBER : VL70-Q00119B 

MODEL SCALE 0.015 


DIMENSIONS : 

Length IN. 

Max Width 
Max Depth 

Fineness Ratio 
Area 

Mox. Crass-SectiOnol 
Plohform 

Wetted 


FULL SCALE MODEL SCALE 


MA — luL22£L 

mo - 1.620 

I12LD 1«(?9§ 


Base 


TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: RUDDER - K5 . 

GE NE RA1. PE* SCR I PT i ON : P A, 3 Mid % Configurati on p er R ockwell 

vi.70-000095 


M odel Den. lo 0,01$ 


DRAW 1 NG NUMBER: VL70-000095 


DIMENSIONS: 


FULL-SCALE 


Area - FT^ 106. 38 

Span (equivalent) - IN. 301 .0 

Inb'd equivalent chord 91.58$ 

Outb'd equivalent chord __ 50.833, 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 0.400 

At Outb'd equiv. chord 0.400 

Sweep Back Angles, degrees 

Leading Edge . 34.03 . 

Tailing Edge 26,25,., 

Hingeline 34.03 


Area Moment (Normal to hinge line)- ft 3 536.13 
Product of Area end Mean Chord 
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MODEL SCA LE 

0.02394 

3.01500 

1.37377 

0.76249 


0.400 

0.400 



2Lt22 

34,03 

0.00178 


NASA-fc rC MAf 


TABLE III, MODEL DIMENSIONAL DATA (Continued) 
MODEL COMPONENT t VERTI CAL - y ? 


GENERAL DESCRIPTION; 


_ Or:! m l h'Q vert.-W-fJ, l,nj] f i doui. ) i>yn d»o 


rfoi] vril.Vi 


round e f) londlnr <H>'o . 


1H~ V I I,, ‘ : . _ 2 n;io cp V 5 , hut, vfiHi nr.nl '■nlu'm hounliy* r"movo<(. 


^odri r.ealo ;■ 0.01$ i 

DRAWIN G N UMBER : VI..70-0003 39 

DIMENSIONS : 

TOTAL, DATA 

Area (Theo) Ft^ 

Planform 
Span (Theo) In 
Aspect Ratio ' 

Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0,25 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta* of ,25 MAC 
W. P. of ,25 MAC 
B, L. of ,25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius 
Void Area •• Ft* 

Blanketed Area 


* 


FULL-SCALE 


425-92 

!iT?T7?" 

iVm 1 m i» .■i-.a — 

1.076 

--Kwr 

" 6.404 


45. coo 
24.74V 
41 .TOO 


2 An. 50 
IQft.AV 
37 V. PI 


3463.50 


('.00 


3 .0,000 

JJu32L\ 

-2JL. 

23+XL. 

o.m 


MODEL SCALE 


0-09583 


1.675 


0.50’/ 

T OTf 


A 5.0 00 

26. :v.'v 

TTT“ 


4-02750 

~T. 42^65 

2.99715 ~ 

0.00 


10.000 


Jiu^VJ 

0.030 
~ 0.00296 

-JL20 


TABLE III. MODEL DIMENSIONAL DATA (Concluded) 

MODEL COMPONENT; WIN6-W myj 

GENERA- DESCRIPTION ; Configuration 3 |or Prepy/oH l./lrw i; VL?o oi'r.i v< \ 

NOTE: Same an L'1.03, cuff, airfoil and Incidonei* t.n".]e. 


t 


Model r.ct-.lo « 0.03 5 


Test no. 

DIMENSIONS; 

TOTAL. DATA , 

,,r T Are a' (Theo.) Ft^ 

Planform 
Span (Theo In* 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees (fi TE of Eleven) 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords ; 

Root (Theo) B. P.0.0. 

Tip* (Theo) B.P. 

MAC 

Fus. Sta. of .2$ MAC 
. W.P. of .25 MAC 
B.L. Of *25 MAC 

EXPOSED DATA « 

AreVtWeo ) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 £ 

MAC 2 
Fus. Sta. of .25 MAC 
W.P* of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b » 

1 

Tip b * 

t 

Data for (1) of (2) Sides 
Leading Edqe Cuff o 
Planform Area Ft 4 

Leading Edge intersects Fus M. L. 0 Sta 
Leading Edge IntersoctS Wi ng 0 Sta 


DWG. NO. v: 70-ex > o 

FULL-SCALE MODEL SCALE 


2690,00 
936 . hp 



102 L 

0.200 

3.600 

LliiDlL 

I 3 f OOQ 
-.10.24 

J£&2k. . 

JA L i Z L- 

.in ( \,e v - 
jma)- 
ju&n 

1755. 29 
720. fe 
2.o58 
0.2451 


56.°. 40 
TT7TTT*T 


393.03 


1185.31 
300. no 
251*75 


0.60525 

TZTTOOTT 


-JLuLlL 

^ t. { ( , 

-ILiiLL 

jiUm 

-10.26 
36. 2. V 


10.33860 

2.06775 

7.12315 

XL imn 

4.48800 

2.73195 

0.39426 
10.81020 
2. 05“ 
0.2.151 


8.43600 

5TTC775" 


5.89545 
17 . 77965 



0.10 0.10 

0.12 0.12 


US SS Z23SE 

7*5000 

.IfOT./t I'd '1 2510 



DSM 387-5 Exp. Date 8/2/7 i 


Table IV ECS Direct Ingingeaent Force Data 


C O 


PA H UA UA 


rv o ua u\ 


OA m t 03 

t * « I 

PA UA WA 
pa pa pa c*A 

rsl (M cm cm 


H -4 C** u> pa 
t*' sf > UA UA UN 
PA (A pn pa f*A 


mHOU 
cm <M r$ ri 


o> o f I <M 
<M PA rr \ CM 

<M rv tv <v 


o o o 
* * • • 
o o o o 


o o o o o 
• * * ♦ « 
o o o o o 


o o o o 

• * * * 

o o o o 


o o o o 

• • ♦ « 

o o o o 








o o o o 

» » I I 

o o o o 
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.4 UW* t \ 
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O O -4 -4 <4 

» « » 1 * 

o o o a o 


PA PA PA 

O -4 -4 4 

♦ ♦ • * 

OOOO 


u\ H CO UN r M 

t * t 1 « 

4 Q 4 h(\| 
s/b P-- so <M o 
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un t'- pa M> 
♦ * * ♦ 
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l >'0 N 
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OOOO 
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OOOO 
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OOOO 
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OOOO 
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• » • t 

OOOO 
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OOOO 
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OOOO 
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OOOO 
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OOOO 

OOOO 
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0000 
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MODEL FIGURES 


Positive directions of force cofficients 
moment coefficients, and angles are 



Figure 1* - Axis Systems 










IT arbiter VL7000C139 Model Uccenclature 
Figure 2. - Continued. 








AIR SUPPLY 
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THROAT DIA. 


NOTES! • ALL DIMENSIONS IN INCHES MODEL SCALE 

• TWIN NOZZLE CONFIGURATION 

• LEFT-HAND NOZZLE FIRING ONLY 
(FOR YAW CONTROL SIMULATION,) 

• THROAT DIA. » 0.0437 IN. 

THROAT AREA * 0.00151 IN 2 
EXIT DIA. * 0.1440 IN. 

EXIT AREA - 0.01629 IN 2 
EXPANSION RATIO - 10.81 

• PROVIDES SIMILITUDE WITH ORBITER 
YAW RCS PLUME GEOMETRY AT MACH 10.3 
ENTRY CONDITION 

• DESIGNATED AS N l9 


FIGURE 2. (Cont’d) 
e) RCS Nbzzle Details 


S5---V 


























(d) Topical Oil-Flow Photograph (RCS Operating) 
Figure 3. - Continued. 
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APPKNDIX 


TABULATE) 80 UKCIS DATA 


Tabulations of the plotted dotu ure available 
from DMS on request. 
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TABULATED SOtKCE DATA, LARC UPWT 1D43 (OA-TO) 
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